and accurate method for measurement of spleen and kidney sizes 4 .
It is important to compare the length of the spleen to the length of the left kidney in order to establish an internal reference standard against which the spleen size can be calibrated. Loftus and Metreweli 5 as well as Al Imam et al 6 found that the spleen to left kidney ratio among children was constant for all age groups with a mean value of 1 and proposed a ratio of 1.25 as the upper limit of normal. In a similar study in adult population, spleen length was correlated with left kidney length in women, but not in men and they found the spleen to left kidney ratio to be an unreliable index for spleen size in adults 7 . Racial differences in the normal length and width of the spleen have been shown to exist 8 . There is paucity of data in the tropics on the spleen to left kidney ratio with reference to age and somatometric parameters among school age children which will serve as an internal reference standard against which the spleen size can be calibrated. This research could be related and introduced into a more diverse population by ensuring population specific charts to compensate for demographic variations in spleen dimensions.
The aim of determining the spleen to left kidney ratio in the present study was to provide a more objective assessment of mild splenomegaly during routine abdominal ultrasound in our school age children population without reference to a normogram as clinical examination is notoriously inaccurate.
Subjects and Methods
The study was carried out using a cross sectional research design and convenience sampling method at University of Nigeria Nsukka Medical Centre between January 2010 and May 2011.
Sample Group: These include Igbo school age children aged 6 to 17 years. The age of each subject was obtained from his/her hospital birth certificate. Some of the children attended hospital for clinical reasons while majority of them attended hospital just as volunteers for the study.
Selection Criteria: Volunteers and outpatients were examined by a pediatrician and those who met the following selection criteria were enlisted in the study.
Exclusion Criteria: Subjects with tropical splenomegaly syndrome (malaria and typhoid fever), lymphadenopathy, sickle cell disease, obesity, splenic parenchymal mass lesions, accessory spleen and cysts were excluded from the study. Also subjects with acute or chronic renal failure, renal parenchymal mass lesion, cysts, hydronephrosis or calyectasis were excluded because of possible enlargement or reduction of these organs.
Inclusion Criteria: Subjects with no history of malaria, typhoid fever, malnutrition, sickle cell disease or obesity and subjects with no evidence of splenic parenchymal mass lesions, abnormal echotexture of the spleen, accessory spleen and cysts were included as normal subjects. Also apparently healthy subjects and subjects with normal sonographic appearances of the kidneys were included in the study.
Ethical Approval / Informed Consent: Ethical approval was obtained from the Ethics Committee of the University of Nigeria Nsukka Medical Centre. In addition informed consent was obtained from each participant's parent before data collection began. A chaperon was available during data collection on female subjects.
Equipment:
The sonographic examinations were performed with high resolution real time scanner (DP-1100, Shenzhen Mindray Biomedical Electronics Co. Ltd, China) manufactured in 2008 with 3.5MHz and 5 MHz convex transducers. Using the available freezeframe capability, all the sonographic measurements were made with curvilinear probes using the electronic calipers.
Demographic data were collected on each participant at the time of their pre-participation physical examination. This information included age, sex, height and body weight whereas BSA and BMI were computed from measured height and weight. Body mass index was calculated by BMI = weight (Kg)/height (m 2 ) while BSA was calculated by BSA= √weight x height/3600 9 . Anthropometric measurements were obtained on the participants wearing light weight street clothes without shoes. Weight was measured on a calibrated portable Salter scale (BR 9011; Hana Co. Ltd, China) to the nearest 0.1kg. Height was measured with a metal tape measure to the nearest 0.5cm with the participants standing upright with the head in the Frankfurt position 10 .
Scanning Technique: A coupling medium was first applied to the area being scanned to ensure good transmission of the ultrasound beam into the subjects.
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The technique of right lateral decubitus position in the coronal plane was adopted for the spleen length measurement. Longitudinal size measurement was performed between the most superomedial and the most inferolateral points of the spleen (figure 1). These techniques were used because of superior advantage of obtaining easily the longest dimension of the spleen and left kidney and reproducibility of measurements [11] [12] [13] [14] . The choice of probe depends on the age and physique of the subjects. A subgroup of twenty participants underwent two ultrasound scans of the organs done two days apart by two different sonographers to determine intra-and inter rater reliability of spleen size measurements (pilot study). The sonographers have 14 years of experience in abdominal sonography. One of these sonographers did all the scanning for the main study.
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Spleen and left kidney lengths were measured three times, and the mean values were recorded. The spleen and left kidney studied had normal position, shape and echotexture prior to measurements. The measurement of organ dimensions was made during deep inspiration.
Statistical Analysis: Difference of continuous variables between two independent groups was assessed with the Student's t-test while more than two groups were assessed with analysis of variance (ANOVA). Intra class correlation coefficients (ICCS) were calculated to assess inter-and intra rater reliability for ultrasound measurement of the spleen, using SPSS statistical package version 10.14 (SPSS Chicago, Illinois, USA). Statistical significance was considered at p < 0.05. Descriptive statistical methods were used when appropriate. Results. Table 1 ICC= Intra class correlation coefficient; ICC (2, 1) = Intra class correlation coefficient between the first and second measurements obtained by each sonographer (intra observer) and between the first measurements obtained by both sonographers (inter observer).
The spleen to left kidney ratio (SLKR) according to age, height, weight, BMI and BSA in the studied subjects are shown in tables 2, 3, 4, 5 and 6 respectively. The ratio is constant around 1.13 with a range of 1.0 -1.3. Using 2 standard deviations (SD) above the mean as a guide, the upper limit of normal for the spleen to left kidney ratio is 1.3. 
Discussion.
Measurement of spleen and left kidney lengths were reliable within and between sonographers as shown by high intra-and inter rater reliability in this study. These findings support the historical assessment of visceral organ size based on longitudinal length measurement. The scan and measurements in this study were performed by a certified and an experienced sonographer to reduce inter-observer errors. A previous study has shown that experience has an influence on measurement accuracy during ultrasound scanning 15 . To minimize intra-observer errors, organ dimensions were measured three times and the mean values were recorded.
In this study, school age children ranging from 6 -17 years were studied. This age range of 6 -17 years of the studied subjects is in keeping with school-age children in Nigeria 16 . Nigerian children have specific issues relating to spleen size because of malaria, typhoid fever, malnutrition and environmental issues which increase spleen size compared to the rest of the developed world. To the best of the authors' knowledge, literatures reviewed showed that this study covers the largest series of paediatric spleen to left kidney ratio by sonography involving the age range of 6-17 years in any Nigerian population.
Present study has shown that there were no significant differences in the measured spleen and left kidney lengths with respect to sex (p > 0.05). This finding is similar to the findings of other previous authors 5, 6, 17, 18 . Therefore, sex certainly is not a determining factor for spleen and left kidney lengths in school-age children in this population. The absence of gender difference in the dimension of both ultrasound of left kidney and spleen suggests a non -involvement of sex hormones in the development of these organs until the age of 18 years.
Some investigators have sought to establish an internal reference standard against which the spleen size can be calibrated. The most common of such strategy is to compare the length of the spleen to the length of the left kidney. Loftus and Metreweli 5 as well as Al Imam et al 6 found that the spleen to left kidney ratio was constant for all age groups with a mean value of 1 and proposed a ratio of 1.25 as the upper limit of normal in a paediatric population. Because of racial differences in spleen size, knowledge of the spleen to left kidney ratio in the population being examined is a prerequisite 8 .
In the present study the spleen to left kidney ratio is strikingly constant at around 1.13 for all ages as well as other biometric parameters such as height, weight, BMI and BSA studied. Using 2 standard deviations above the mean as a guide, the upper limit of normal for the spleen to left kidney ratio is 1.3. Thus splenomegaly should be suspected in this school age children population if the spleen is more than 1.3 times longer than the adjacent left kidney in the absence of renal disease. In a similar study in adult population, spleen length was correlated with left kidney length in women, but not in men 7 ; they found the spleen to left kidney ratio to be an unreliable index for spleen size in adults and proposed the use of Look-up tables as references for daily use in busy practice settings.
The implication from our study for the Nigerian ultrasound community is obvious because of possible variations in the anthropometric parameters of various populations, races and regions. It is important for Nigerians to have their own population specific values of the spleen to left kidney ratio in the studied age group as Americans and Europeans' population data cannot be used as universal patterns. Our results could be extrapolated to the wider international community where there is need for each country, especially tropical regions where malaria and typhoid fever are endemic, to establish their own population specific ratios of the spleen to left kidney size in school age children because of possible variations in this ratios in different ethnic origins or races.
Limitations
The limitations of this study include the fact that it was done in the Southeast geopolitical region of Nigeria which is inhabited by people of Igbo ethnic background. A multicentre study in other regions of the country might improve the precision of the estimates and also the generalizability of the data. Furthermore, the socio economic status of the children studied was not recorded. It is hoped that further studies will address these limitations.
Recommendations
The spleen to left kidney ratio can be used to exclude non palpable splenic enlargement objectively among school age children. The spleen to left kidney ratio is strikingly constant around 1.13 with a range of 1 -3 with respect to age and somatometric parameters among school age children.
Conclusion
Ultrasound can be used to diagnose mild splenomegaly if the spleen is about 1.3 times longer than the adjacent left kidney in the absence of renal disease among school age children in the studied population.
